Gareton, Julie. Masters of Environmental Assessment. Temporal Analysis of the Relationship between Meteorological Factors and Pollen Abundance in Raleigh, North Carolina Climate change affects both meteorological factors and plant processes. In order to observe climate and pollen relationships, pollen counts are plotted against temperature, humidity (in the form of dew point temperature), and precipitation in Raleigh, North Carolina from February 2, 1999 to September 4, 2018. Linear regression tools in Microsoft Excel were used to analyze annual and seasonal data that had been aggregated by month. The annual data revealed the strongest correlation between the increased temperature in the area and pollen count, particularly in tree pollen species. Conversely, the seasonal data for spring showed a stronger correlation between average precipitation and pollen count. The IPCC has predicted that temperature and precipitation will both continue to rise and, based on historical data, it is likely that the relationship between pollen and temperature, as supported by annual tree pollen data, as well as the relationship between pollen and precipitation, as supported by weed and grass seasonal pollen analysis, will increase the pollen counts in Raleigh. While a direct correlation cannot be concluded definitively, the results indicate that temperature is related to tree pollen count and precipitation is related to grass and weed pollen count.
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Introduction
As the leading international body for the assessment of climate change, the Intergovernmental Panel on Climate Change (IPCC) has long since confirmed that climate change is occurring (IPCC 2014) . Further, the IPCC says that the increase in air pollution, largely stemming from the industrial and economic growth in the last century, cannot be explained without attribution to humans. Specifically, although the patterns of Earth's ambient temperatures and atmospheric processes are cyclical, the current concentrations of air contaminants are far higher than have ever been recorded in the last 800,000 years, which is as far back as scientists are currently able to measure, using air bubbles trapped in ice (IPCC 2014) . A major driver of this anthropogenic climate change is the atmospheric carbon dioxide concentration, which is projected to rise from current levels around 400 ppm to 730-1020 ppm by 2100 (Albertine et al. 2014) . The increase of greenhouse gas concentrations has a strict correlation to the rising global temperatures and the other indicators of climate change (IPCC 2014) .
Pollen concentration and distribution already may be changing due to a positive correlation with climate change. Studies have shown a correlation between carbon dioxide, temperature, and pollen production, where CO2 concentrations, ambient temperature, and allergenic production are all positively related (Hoflich et al. 2016) . Climate can affect the biological and chemical components of pollen by altering the shape, density, size, or vitality of pollen particles in the environment (Makra et al. 2014) , potentially leading to greater susceptibility in humans. Furthermore, climate change is likely inducing longer and more severe pollen seasons, on top of other heightened air pollution episodes, because the warmer climates are more suitable to pollen production. Spring and Summer have started 2.5 days earlier per decade since 1971, whereas pollen season has started 10 days earlier on the same timeline but does not end any earlier (Makra et al. 2014 ).
With climate change, it is possible that the abundance of pollen will change, along with altered weather conditions (Zhang et al. 2014 ). In fact, there are changes that have already been observed in pollen activity (Zhang et al. 1994) , and adaptation measures could actually have a negative impact. If the species richness of allergenic plants changes, the various pollen allergens could then impact populations more severely. As the maximum pollen count a human is exposed to increases, the intensification in total allergenic inhalation could heighten severity of respiratory symptoms (Hoflich at al. 2016) . Cumulatively, future climate change and air pollution may act in a positive feedback loop, changing the timing, amount, and allergenicity of pollen, increasing both the number of people affected and symptom severity (Albertine et al. 2014) .
Coincident with climate change, industrialized nations are facing increased frequency of respiratory allergy and asthma, as the advancement of urbanization merges with poorer air quality, exacerbating pollen acting as a trigger for respiratory diseases (Makra et al. 2014) . Pollen affects approximately 20% of the U.S. population, causing allergies or aggravating asthma, with more than 2/3 of the continental U.S being adversely affected (Tagaris et al. 2009 ). This percentage is higher than in industrialized rather than developing countries, because of the interaction between air pollution and pollen (D'Amato et al. 2014) . Globally, more than 1.5 billion people suffer from pollen allergies, with children being disproportionately affected, because they inhale a higher volume of air (meaning a higher volume of pollen) per body weight than adults (Gleason et al. 2014) .
Along with chemical pollutants, biogenic particulates, such as pollen, can cause adverse health effects. Pollen particles, though larger than particulate matter with a diameter of less than 2.5 micrometers (PM2.5), can work in combination with the other air pollutants, potentially creating multiple health problems for people with allergies and those predisposed to asthma. Sensitization to pollen is increased with co-stressors like exposure to the criteria air pollutants (Zhang et al. 2014) . Multiple studies confirmed that exposure to bioaerosol allergens like pollen, mixed with outdoor air pollutants, exacerbate allergenic airway disease (AAD), becoming a major public health issue for those predisposed, vulnerable populations (Zhang et al. 2014; Zhang et al. 1994 ).
There are three primary types of pollen: weed, tree, and grass (NAB 2018) . A single weed plant, for example, can produce up to 10 9 grains of pollen annually (Katz et al. 2014) . Only 10 grains/m 3 cubed are necessary to irritate those with allergies or cause respiratory rhinitis. Peaks in pollen count have been linked to higher rates of hospital visits. As earth's average climate conditions warm, Katz et al. are predicting that ragweed will produce even more allergenic pollen in areas where it already exists, like Raleigh, North Carolina, becoming a serious human health issue.
Raleigh, North Carolina is home to many different pollen species, over the course of multiple pollen seasons (first: tree, second: grass, third: ragweed). Therefore, this study will focus on the broad palynological taxa, as opposed to a specific species, in order to identify patterns relevant to the study area. Phenological characteristics, like the duration of pollen season, and other quantitative data, such as total species count, of different pollen taxa are likely correlated to the meteorological variables (D'Amato 2014). While other abiotic factors, like soil biology, topography, and nutrient availability influence the dispersal activity of pollen, air pollution, temperature, precipitation, and other meteorological factors are more relevant to this research.
Objective Statement
This project will combine meteorological data with data for pollen abundance to identify relationships between pollen counts and meteorological variables and related trends in Raleigh, North Carolina. Specifically, this project will evaluate how rising temperatures, precipitation, and humidity, in the form of dew point measurements, are associated with increased pollen counts in Raleigh. It is hypothesized that the increase in temperature and precipitation, thought to be caused by climate change, are correlated to an increase in pollen counts throughout the Raleigh area. Observed daily pollen count data from February 1999 to September 2018 were collected from the Raleigh-Durham International Airport weather station via the North Carolina Department of Environmental Quality's (NCDEQ) Ambient Monitoring Data Request Form. While these data are considered "daily," data were only available for 3,559 days out of the total 7,155 days during the study period, providing data for only 49.74% of total study period. 16.46% of days with missing data occurred during December and January, with the rest of the missing data distributed evenly from February through November, about 4 days of data per week on average.
Methods

Location and Data Sources
Pollen Types
There are three basic types of pollen collected by the NCDEQ: tree, grass, and weed (NCDEQ 2018). The pollen count for each of these types is the number of grains recorded at the sample site per day.
In Raleigh, there are many different species of tree, grass, and weed pollen, which vary by season. The counts of different species for each category are shown in Table 1 . Specific pollen species are listed for tree, grass, and weed types in Appendix Tables A1, A2 , and A3, respectively. 
Statistical Modeling
All three meteorological factors (temperature, precipitation, and humidity via dew point) and the pollen count data were aggregated by month and year. While temperature and dew point were averaged, precipitation data were both averaged and summed. For the time period studied (February 1, 1999 to September 4, 2018), each factor had 236 data points. Each pollen type was plotted using a scatterplot against each meteorological factor by subsequent year and month. Each meteorological factor was plotted against the others as well in order to identify any climatological patterns or anomalies that may have occurred throughout the study period. The goal of the scatterplots was to identify trends and relationships among the pollen data and meteorological data. Specifically, each plot was designed to determine a relationship between each climate variable and pollen counts to potentially isolate one meteorological variable that has a more substantial correlation to pollen count.
The scatterplots were then analyzed using linear regression in Microsoft Excel. With a trendline added to the plots, the slope, intercept, and R 2 were identified. The slope for each plot showed the change in pollen counts with increase in one meteorological factor to test if there is a relationship between pollen count and the meteorological factor. R 2 identifies how strong the trend is. The closer the R 2 value is to 1.00, the stronger the correlation; the closer the R 2 value is to 0.00, the weaker the relationship between the two factors.
Data were then aggregated by season and year. The seasons were defined in this research as spring (March, April, May), summer (June, July, August), autumn (September, October, November), and winter (December, January, February). Similar to the monthly data, each pollen type was plotted using a scatterplot against each meteorological factor's seasonal averages, as well as the seasonal sums of precipitation. Each meteorological factor was then plotted against the others. Since pollen is frequently defined by season, it was important for this research to also define both the meteorological factors and pollen count data by season, because the monthly-aggregated data were sometimes skewed by a singular peak or inactive month.
Both the pollen data and meteorological data were refined by season in order to alter the scatter patterns and reanalyze the trendlines found from the monthly data using linear regression in Microsoft Excel. With a trendline added to the plots, the slope, intercept, and R 2 were identified. Winter was omitted from this part of the analysis because the pollen data during the winter season were scarce; only 19.7% of daily data from February were available and none for December or January.
Results
From 1999-2018, the average temperature in Raleigh, North Carolina increased slightly, with a slope of 0.06 and an R 2 value of 0.08 ( Figure 1) . The data fluctuated but ended with the warmest year in the past two decades. Similarly, the average amount of annual precipitation also increased ( Figure 2 ). Even though the precipitation trend had more high-low oscillations than average temperature, it had a stronger positive increase, with a slope of 0.48 and an R 2 value of 0.16. The temporal analysis of grass, weed, and tree pollen showed that tree pollen counts were roughly ten times higher than grass and weed pollen counts ( Figure 3 ). While 2016 and 2017 had the highest grass and weed pollen counts observed in the last two decades, both pollen types had low fit to the regression line (Table 1) . Conversely, tree pollen, though it also fluctuated, more steadily increased with a higher R The annual data, which were aggregated monthly over the 20-year period, showed significantly more scatter than the seasonal data. Pollen was observed during the years 1999-2018 for the months where the average temperature was between 35°F and 85°F, a 50° range. Grass pollen had the lowest total pollen count with a maximum average of 167.82 grains in one month. Weed pollen had a maximum average of 234 grains, while tree pollen had the largest count of pollen, with 2419.82 grains reported in just one month. Each type of pollen had a vertical scatter at a different average temperature (Figure 4 ). Tree pollen, which had the highest count of pollen annually, had the most scatter around 60°F and the peak pollen count at 57°F. However, about half of the pollen counts dropped to 0 as the temperature increased, diverging from the steady rise at about 47°F. Because the annual tree pollen data were observed to follow two lines, one dropping to zero and staying constant as temperature increased, and the other rising steadily up to about 65°F, the regression lines were not reported for annual tree pollen data. The scatter between grass and weed pollen was more similar to one another, though grass pollen had a more condensed cluster between 65°F and 85°F, with the highest counts of pollen in this range. The scatter pattern for weed pollen was similar, but more spread out, and both grass and weed pollen had a visible peak at 70°F. The annual data showed more scatter for pollen count versus the average precipitation each month throughout the 20-year period ( Figure 5 ) compared with the plots of pollen count versus temperature.
As was the case for annual temperature data, the pollen count slopes were positive for grass and weed pollen and were excluded for tree pollen because of a diverging pattern ( Table 2 ). The data for tree pollen count and average annual precipitation followed the fork pattern, though the non-zero prong was less linear than was the case for average annual temperature, with a 10-degree horizontal spread as the pollen count grew from 0 to 2,419. However, all three pollen types skewed towards higher pollen counts during less than 0.2 inches of average monthly rainfall, with all three pollen type maxima (Grass: 167.32, Tree: 2419.82, Weed: 234) occurring under 0.20 inches of average precipitation. For grass and weed pollen, the scatter was more condensed to only 25% of the maximum pollen count for each type, while the scatter for tree pollen, though mostly consolidated to 20% of the maximum pollen, has substantial spread through the maximum 2419 pollen count. Over 20 years, seasonal relationships of pollen with temperature, precipitation, and dew point averages behaved differently. For temperature and dew point averages, each season had all pollen data points within an 8°F range from the low end to high end of temperature (spring: 57°F -65°F, summer: 75°F -83°F, autumn: 59°F -67°F) ( Figure 6 , Appendix C1). The scatter within the temperature range varies by season, with the most scatter occurring with tree pollen in the spring, fluctuating from 550 to 1096 pollen count, whereas, in the summer and autumn, the range of observed pollen is only 5-35 grains and 0-39 grains, respectively. In the spring for grass and weed pollen, the quantity of pollen is lower, but the regression line is similar to that of spring's tree pollen: grass, weed, and tree pollen have relatively low R 2 values (Table 3 ). In the spring, grass pollen count had two data points much higher than the rest of the data, both at about 62°F. Furthermore, 9 of the 20 data points for grass pollen versus temperature in the spring are within a 1°F standard deviation of 62°F, with the second highest count of pollen in this range and the highest count just outside at 62.4°F. Similarly, tree pollen data for spring by temperature also had 9 of 20 data points within the 1°F standard deviation of 62°F, with the highest tree pollen count at 61°F. Weed pollen had 9 of 19 data points within the same range from 61°F to 63°F and, like grass pollen, had the highest weed pollen count just outside the range at 62.4°F, with one of the other highest counts at 61°F. The fluctuation of average precipitation per season was smallest in the spring, with the highest average at only 0.19 inches, whereas the highest average for summer and autumn went up to 0.24 inches and 0.28 inches, respectively (Figure 7 , Appendix C4, Appendix C8). While the largest concentration of pollen count data points was within the 0.13 to 0.15 inch range, grass and weed pollen's highest concentration occurred at the highest end of spring's average precipitation range, which was 0.19 inches. For tree pollen at 0.19 inches, there was also one of the highest concentrations of pollen with a count of 1061, but there were actually two data points with higher counts of pollen, 1087 and 1096, near the peak range of 0.13 inches. Furthermore, the regression line for weed pollen was positive in spring but, in summer and autumn, had a negative slope (Table 3 ). In spring for grass pollen, the average precipitation data had a similar relationship as weed pollen and followed a similar line. The scope of pollen count for tree pollen is larger than that of the other two types, so it had a larger slope, but also a lower R 2 value. Overall, the seasonal versus annual data actually displayed different scatter for each of the three pollen types, with the seasonal temperature data having lower R 2 values than the annual temperature data for grass, weed, and tree pollen. Conversely, the seasonal precipitation data had R 2 values that were, on average, higher than those for annual precipitation data for the three pollen types.
Discussion
Annual Data
From February 1999 through September 2018, pollen count in Raleigh, North Carolina fluctuated annually, by season, and by species. Ultimately, there was no discernible pattern between weed or grass pollen count and temperature. Because annual temperature oscillates, as shown in Figure 1 , Katz et al. have shown that ragweed seed germination is not very sensitive to changes in temperature, meaning that the relationship between pollen count and temperature is convoluted, if it exists, and is not necessarily linear (Katz et al. 2014 ).
Tree pollen, with its R 2 of 0.52, displays an increasing trend. The National Allergy Bureau confirms that tree pollen has a much earlier peak season than the other two pollen types do, peaking in April, as opposed to September for weed pollen and June or July for grass pollen (NAB 2018). According to the Intergovernmental Panel on Climate Change, the anticipated weather patterns that correspond with each season are shifting, with "spring" attributes occurring earlier in the year, meaning the temperature is warmer earlier (IPCC 2014). However, based on the data from the last twenty years, there is inconclusive evidence that because spring begins earlier, the increase in tree pollen count could be attributed to the rise in temperature.
While Raleigh has an average low temperature of 50F and an average high temperature of 71.3F, the largest peaks for all three pollen types was at the high end of this range (U.S. Climate Data 2018). While tree pollen count peaked at 65F, both weed and grass pollen peaked at 70F, which is about the average annual high temperature. As the average annual temperature continues to increase with climate change (IPCC 2014) , it is likely that the peak pollen counts for weeds and grasses will increase, therefore producing more pollen for a longer amount of time annually because the daily minimum temperatures will increase more rapidly than the daily maximum temperatures (Meehl et al. 2007 ). As daily minimum temperatures likely limit pollination productivity, the expansion of the window of subtropical conditions will increase plant productivity in Raleigh, North Carolina. However, climate change will eventually bring extreme weather and temperatures to regions that are usually more temperate (IPCC 2014), so while warmer temperatures can increase the rate of plant development, this relationship does not continue linearly (Hatfield and Prueger 2015) . Exposure to temperatures above 86F start to damage cell division in plants, reducing pollination and, ultimately, yield, which is why plants in tropical biomes, for example, produce less pollen than those in a more temperate climate.
When plotted against annual data for temperature, dew point, and precipitation, tree pollen data diverged, with about half of the pollen count data rising up linearly and the other half dropping down to counts of zero tree pollen. Because there are 242 season-specific types of tree pollen in the study area, it is likely that, since the data were aggregated monthly, some of those trees are deciduous plants, meaning they lose their pollinating flowers and therefore do not evenly contribute to the pollen count throughout the year (Pollen Library 2018). In fact, deciduous tree pollen output is more reliant on past meteorological elements than current data, likely because of the annual cycle these trees undergo, meaning the factors like temperature, dew point, and previous years' precipitation affect the pollen production in the future (Makra et al. 2014) . The trees that are evergreen and bloom year-round are the likely contributors to the increase in pollen count with temperature. It should be noted, though, that evergreen trees also have peak seasons, and do not pollinate equally year-round. The data for tree pollen count and average annual precipitation also followed the fork pattern, though the non-zero prong showed more scatter than was the case for average annual temperature.
The weed and grass pollen data similarly had the majority of pollen count from 0.00 to 0.20 inches of average annual precipitation. Because all three pollen counts showed much higher concentrations under 0.20 inches of rain, it is possible that pollen data are skewed by run-off, a physical module that is often parameterized in pollen models by using emission fluxes (Zhang et al. 2014a) . Wet conditions, according to the National Allergy Bureau, limit the amount of airborne pollen, but only temporarily (NAB 2018) . With an annual precipitation average of more than 0.20 inches of rain, the larger quantity of water could dissipate the concentration of pollen, so it is not properly analyzed in the spore trap at the weather station. Conversely, at least some rain is necessary for pollen to occur, likely because the flora in the sample area is accustomed to a subtropical climate, as it is part of the Piedmont region, meaning the plants in the area are accustomed to humid and moist conditions, requiring rain to grow and flower (CEC 2011).
There were several outliers that were removed from the annual meteorological data averages. For temperature, precipitation, and dew point, May 2016 and May 2017 grass pollen counts were removed because they deviated from the regression line to an extreme, with average counts of 125 and 167 grains of pollen, respectively, whereas all other pollen data was measured at or below 100 grains. They were uncharacteristically high when compared to the historical data, but current pollen counts are being affected by climate change, so it is possible that they are being acted upon by more extreme meteorological factors. Similarly, the grass, weed, and tree pollen data were removed for September 2000, because it was outside the rest of the scatterplot pattern and uncharacteristically high.
Seasonal Data
North Carolina is one of the areas in the United States that is known for experiencing all four seasons. Therefore, the meteorological and pollen data were aggregated by season and analyzed. While plants in North Carolina pollinate year-round, the highest pollen counts are in the spring (March -May). This is likely due to the fact that tree pollen is the largest contributor to total pollen in North Carolina (NAB 2018) . Spring is tree pollen's peak season, having a maximum concentration of 30 times any other season's maximum, as shown in Figures 4 and 5. Grass and weed pollens' seasons are both longer than tree pollen's, with grass pollen's peak season also beginning in spring. Therefore, spring plots, containing the largest counts, was the focus of the seasonal analysis.
A study by Zhang et al. in 2014 also focused on spring when looking at a pollen emission framework, using five representative tree pollen types (Zhang et al. 2014a ). Zhang also observed the highest quantity of pollen in May, with another peak in March, marking the boundaries of spring as defined in this study. Further supporting the selection of spring as the main season to observe pollen counts, they used one representative grass pollen type for comparison. In this research, and similar to Zhang et al.'s findings, the regression lines of grass and weed pollen for temperature and precipitation look similar to tree pollen in the spring, even though the quantities are lower.
Precipitation averages for spring, when compared against the pollen count data for the same time period, had a much stronger, positive correlation than the temperature or dew point data. In spring, the maximum amount of rain for the season was 0.20 inches, which is the same where the largest cluster of annual precipitation data was plotted, as well. This is also where the maximum concentration of each type of pollen is plotted, showing that the more precipitation that occurs, the higher the amount of pollen, which contradicts the annual data that showed more of a bell curve. It is possible that the positive correlation exists only for spring conditions, and then falls back down to a skewed distribution for the other seasons. The increase of precipitation and temperature suggests that the start date of pollen production has changed, with a correlation between lengthened spring pollen season and increased abundance (Zhang et al. 2014b ).
The seasonal pollen data had high variation for the 8-degree spread (57°F -65°F) of spring's average temperature, yet all three pollen types had an increasing relationship with temperature. Though seasonal parameters vary by ecological zone, in southern areas of the United States, like Raleigh, spring temperatures are highly correlated with season onset, supporting an association between increasing pollen counts and increasing temperature for a longer period of time (Hess et al. 2018 ). All three pollen types clustered between a 2-degree spread (61°F -63°F), though, with almost half of the data points falling in between those boundaries for grass, weed, and tree pollen. This cluster indicates a favorable temperature for pollen, which is further displayed in the temperature average plots for autumn as well (Appendix C6), since that 2-degree range corresponds to peak pollen counts for the autumn months. Including lingering frost days and early summer heat waves, or the opposite for autumn (lingering heat waves and early frost days), the average temperature for these two prominent pollen seasons is about 62F, the midpoint of the 2-degree range. In a laboratory under synthetic conditions, researchers found that the optimal temperature for pollen is about 60°F, though larger pollen grains flourished under slightly higher temperatures (Ejsmond et al. 2011 ). This controlled laboratory study reinforces patterns that are observed with historical data by exposing pollen grains to various conditions found in nature. By counting how many survive, germinate, and increase in size, it emphasizes that specific pollen species have preferred temperatures for flourishing.
According to Makra et al. (2014) , precipitation in the spring contributes to pollen production (Makra et al. 2014) . The springtime correlation between precipitation and pollen count is stronger than that of temperature or dew point in this study. Because spring is defined by some of the rainiest months of the year in Raleigh, NC, precipitation plays a larger role than it would in dryer seasons (U.S. Climate Data 2018). The higher frequency of precipitation events also means that rain water can soak into the soil, continuing to provide water to plants, which they need to pollinate, even during drought or longer periods without rain (USGS 2016).
Several outliers that were removed from the Spring data. For temperature, dew point, and precipitation, the 2014 weed pollen datum was removed, as it was almost twice as high as the second highest data point. The 1999 tree pollen datum was removed from the dew point and precipitation plots for being only 1/3 of the next lowest data point. This is likely because it was the first year when data were collected and tracked in North Carolina. Because tree pollen peaks earliest, the concentrations from months at the beginning are imperative to build up pollen count, and without those data, the tree pollen count for spring of 1999 was skewed lower than was expected.
Limitations
This study is limited by data availability and scope. Pollen data for the Piedmont region in North Carolina was only available from one data collection site, the Raleigh-Durham Airport Weather Station, so a spatial analysis was not possible. The pollen data were limited by availability throughout the year, with only February -November data reporting, which included only about 5 days of data on a typical 7-day week. Winter (December -February) was excluded because data availability was limited; little pollen data were available for February. As to not skew the entire season's plots by a singular month of data, the entire season was not included. Furthermore, for pollen data, it was not broken down in the NC DEQ database by specific pollen species but only by type: tree, grass, and weed. This limits the ability to discriminate tree pollen between deciduous and evergreen varieties that could have helped distinguish patterns in the forked plots of tree pollen count versus the meteorological parameters.
Only three meteorological factors were assessed, although there are many other considerations that could have a correlation to pollen count data. The meteorological data were taken from the same weather station, but also had gaps and was filled in manually. The NC DEQ data report and the Weather Underground historical data were not always identical on a daily basis, leading to discrepancies in meteorological data. Furthermore, all of the data from the NC DEQ, including pollen and meteorological data, were only available for 20 years back to February 1999, limiting the analysis of historical data.
Other scientific research has used historical data to assess the relationship between meteorological factors. Use of predictive models and scenarios enables incorporation of historical data with current data and projected meteorological outcomes to quantify the future of pollen counts. Currently, there are not enough pollen data for an accurate prediction based on climate change scenarios in this study, because the scope is too narrow.
Conclusion
The IPCC (2014) has predicted that temperature will continue to rise. Based on the data from the annual plots, there might be a correlation between temperature and tree pollen count. Since the peak pollen count occurred at 70F, this means that, as temperature increases, it is possible that pollen count will increase with it. This relationship is not definitive though, and an increase in temperature could produce a different pattern of pollen release throughout the year.
The rising temperatures will also likely produce increased evaporation, which, in turn, results in more precipitation (NASA 2018) . There was an observed correlation between seasonal precipitation and pollen counts, particularly during the rainy season. As more of the year becomes rainy because of climate change (NASA 2018) , it is probable that pollen counts could increase as well. 
